FORM-REGULATION IN CERIANTHUS, VIII.

SUPPLEMENTARY PARTIAL DIsSCs AND HETEROMORPHIC TENTACLES.

C. M. CHILD.

TuE REGENERATION OF SUPPLEMENTARY PaArRTIAL Discs AND
CORRELATED REGULATION.

The regeneration of supplementary partial discs and tentacles
in Cerianthus from the lateral body-wall was first described by
Loeb (’91). The method of procedure employed in order to
produce results of this kind was partial transverse section of the
body-wall at one or more levels.  According to Loeb it is neces-
sary to delay the healing of the wound for a few days in order
to bring about tentacle regeneration in connection with it.  The
regeneration of tentacles and disc always occurs in connection
with the lower (aboral) side of the wound. The number of ten-
tacles borne by the supplementary disc is a fraction of the whole
number characteristic of the complete disc and varies with the
portion of the circumference involved in the cut.  When the cut
occurs near the oral end of the body the supplementary disc
possesses a mouth, but discs regenerated at a lower level, 7 ¢,
further aborally, possess no'mouth.

Loeb regarded these experiments as affording an important
indication of the relation of growth to turgor of the cells.
After a transverse cut is made in one side of the body-wall the
tentacles oral to this region “lose their turgor” while the other
tentacles retain theirs. This fact, as I.oeb believes, indicates that
the distension or erection of the tentacles cannot be due to water
under pressure in the enteric cavity since if that were the case
an opening into the enteron would cause the collapse of all ten-
tacles, and he concludes that the cut has in some way reduced
the turgor of the cells, comparing the effect with the withering
of plant tissues after the stem is cut. No suggestion as to the
manner in which the cut effects loss of turgor in the cells of the
tentacles is given. Certainly the case is not comparable with
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that of the plant for the tissues of Ceriant/ius are bathed internally
and externally by water and it is very difficult to see how or why
a cut on one side of the body at a distance of two to three cen-
timeters from the tentactes should cause loss of turgor in those
tentacles directly above it. There are no vessels or tubes of any
kind running longitudinally in the body-wall. If the shock or
irritation resulting from the cut is the cause of the loss of turgor
why should it be transmitted only in the oral direction ?

Apparently Loeb still holds the view originally expressed re-
garding these phenomena for he has recently called attention to
these experiments and to his conclusions (Loeb, '03). As a
matter of fact, however, the regeneration of these supplementary
partial discs and tentacles and the reduction of the tentacles oral
to them constitute most striking evidence in favor of the view
that internal, 7 ., enteric, water-pressure is an important regula-
tive factor in Cerianthus. There is not the slightest ground in
support of the conclusion that the direct effect of a cut upon
intracellular turgor extends beyond the cells in the immediate
vicinity of the injury.

In my own experiments both C. mcinbranacens and C. solitarius
were used, the latter species chiefly. Similar results were ob-
tained from both species, as in the case of other regulative phe-
nomena. Description of a few of my experiments and a brief
analysis of the results obtained will show very clearly that the
supplementary partial discs and tentacles regenerate in exactly
the same manner as typical localized structures, and that reduc-
tion of tentacles above the accessory discs is due, like other
cases of tentacle-reduction described, to decrease in internal
pressure.

The experiments group themselves under several categories :
the results differ somewhat according as the operation is within
the cesophageal region or aboral to it; moreover, the effects of
these operations both upon regeneration of tentacles and upon
their reduction must be considered. I shall discuss first the
regulation of lateral openings in the cesophageal region in rela-
tion to tentacle regeneration, and tentacle reduction, and then
the regulation of lateral openings in regions of the body aboral
to the cesophagus in relation to tentacle-regeneration and reduction.
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Supplementary Dises in the (Esophageal Region.

The method employed in producing partial supplementary
discs in the cesophageal region was as follows: a transverse cut
was made in one sideof the body-wall near the middle of the
cesophageal region (Iig. 1), thus interrupting on one side of
the body the continuity of both cesophagus and body-wall,
while on the opposite side both remained intact. IT.oeb removed
small pieces of the body-wall near the middle of the cesophageal
region in his experiments of this kind, thus preventing rapid heal-
ing of the cut edges (Loeb, 'g1, text fig. 1). I found, however, that
this was not necessary in the acsophageal region, the mere trans-
verse slit being in most cases sufficient to bring about the desired
results. Neither was it necessary to delay or prevent the union
of the margins of the body-wall by artificial means such as the
wire netting employed by Loeb for this purpose.

In my experiments the pieces were usually left undisturbed
after the operation, though occasionally it was necessary to cut
a piece a second time in order to cause the production of a sup-
plementary disc. Loeb ("g1, p. 56) himself noted that the cut
showed a much stronger tendency to remain open when situated
near the oral end, but apparently was unaware that this was due
to the presence of the cesophagus.

The history of tentacle regeneration in a piece of this kind is
given as an example.

Series 2.

October 24, 1902.— A large specimen (C. solitarius) of normal
appearance was subjected to the operation indicated in Fig. 1.
First disc and tentacles were removed by a transverse cut just
aboral to the disc. Then a transverse cut extending about half
way through both body and cesophagus was made near the
middle of the asophageal region. After section the piece col-
lapsed, as in all cases where the enteron is opened, and became
distended only when closure of the enteron occurred, either by
union of cut surfaces or by approximation.

! The meshes of this netting were somewhat smalter than the diameter of the body
and the animals, being laid upon the netting, pushed their bodies through it, aboral
ends first. until the level of the partial transverse cut was reached. The wires being
forced into the cut prevented further movement and also, according to Loeb, delayed
union of the two cut surfaces.
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November 1. — Eight days after 'section.  On the oral end
of the piece the cesophagus and body-wall have united about
the whole circumference of the body, the usual result in such
cases ; the free surfaces of the body-wall formed by the trans-
verse cut have not united with cach other, but each has united
with the corresponding cut cesophageal surface. Fig. 2,! a dia-
grammatic longitudinal section of the body at this stage, shows
what has occurred more clearly than is possible by description.
It is evident that that part of the body directly over (i. ., oral to)
the lateral cut has closed in such a manner that its enteric cavity
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is not in communication with that of other parts of the body nor
with the exterior. Orally and aborally it is closed by the union
of cesophagus and body-wall ; each intermesenterial chamber is
separated from adjoining chambers by the intervening mesentery.
Thus, as regards this region, conditions are similar to those ex-

I The different regions are distinguished in these fignres in a somewhat conven-
tional manner. The old body-wall is represented by two heavy lines (ectoderm and
entoderm ) with fine longitudinal lines indicating the longitudinal muscles between
them. The cesophageal region is represented by a very heavy single line and regen-
erated regions by a much lighter single line. In Figs. 7 and 8§ portions of old disc
and tentacles are represented by a double line and regenerated disc and tentacles by

a single line.



FORM—REGULATION IN CERIANTHUS. 97

isting in the cesophageal pieces described in a previous paper
(Child, ’o4d). Consequently water can enter this portion only
by diffusion or as a secretion.

The lower (i ¢., aboral) margin of the transverse cut and the
oral end of the body on the uncut side present similar conditions
(Fig. 2). In both regions the union of sophagus and body-
wall produces conditions apparently favorable for typical tentacle
regeneration ; in both the intermesenterial chambers are in free
communication with the main enteric cavity and distension and
free movement of the circulatory currents is therefore possible.

It is clear from the diagram (Fig. 2) that cach of the discs will
form a mouth. The relations of these two mouths is also suffi-
ciently evident from the figure.

If the conclusions reached in preceding papers (044, '04c,
'04d) are valid we may expect that tentacle-regeneration will
occur in the typical manner on the oral margins of the body of
the uncut side and on the aboral margin of the transverse cut,
7. ¢., the lower margin which corresponds to an oral end with
respect to that part of the body aboral to it.

On the oral end of the body over the transverse cut regener-
ation must be delayed if internal water-pressure is effective, since
only the slight distension due to diffusion or secretion is possible
in this region. The history of the piece fulfills all expectations.

For convenience the regenerating region at the oral end of the
piece may be designated as terminal and that on the side of the
body as lateral. It is also necessary to distinguish between the
cut side of the body, that on which the lateral cut is made and
the uncut side.

Regeneration of the marginal tentacles has already begun in
this piece (I'ig. 2); the terminal marginal tentacles on the uncut
stde are 1 mm. in length, those on the cut side are minute buds
0.25-0.5 mm. in length. The lateral marginal tentacles are about
o.5 mm. in length. In appearance they are more advanced than
the terminal tentacles on the cut side but somewhat less advanced
than those on the uncut side. The portion of the body between
the lateral cut and the oral end is very evidently less distended
than the other parts.

November 6. — Thirteen days after section. Terminal mar-
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ginal tentacles on uncut side 3 mm., on cut side 2-2.5 mm.;
lateral marginal tentacles 3 mm. The regeneration of the ten-
tacles over the lateral cut is somewhat retarded. Fig. 3 repre-
sents a diagrammatic longitudinal section through the azsophageal
region at this stage.

November r2. — Nineteen days after section (Figs. 4 and 3).
Terminal marginal tentacles on uncut side 6-7 mm.; on cut side
1 mm.: lateral marginal tentacles 6—7 mm. Terminal labial
tentacles on uncut side 1 mm.; on cut side absent : lateral labial
tentacles 1 mm. The terminal disc on the uncut side and the
partial lateral disc are well distended, while that part of the ter-
minal disc which lies over the cut is collapsed and wrinkled.
The distended portion of the lateral disc and the terminal disc

arc gradually approaching the same level. At this stage the
regeneration of the terminal tentacles over the cut is not only
retarded but has ceased and the tentacles are decreasing in size.
The wrinkled appearance of the portion of the body bearing
these tentacles shows clearly that it does not share in the dis-
tension of the other parts.

The diagrammatic figures (Figs. 4 and 5) represent respec-
tively the relations of parts in longitudinal section and in oral
aspect. In Fig. 5 the shrivelled half of the margin with its re-
duced tentacles is clearly shown. One tentacle at each end of
this reduced region is somewhat longer than the other reduced
tentacles. Ividently this tentacle on each side arises over the
intermesenterial chamber abjoining the distended part of the
body. Probably the greater length of these two as compared
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with the other reduced tentacles is due to the greater degree of
distension of the intermesenterial chambers below them. It may
be that these chambers are not completely shut off from the
enteric cavity or possibly the pressure of the water in the dis-
tended region causes filtration of water into these two chambers.
Figs. 4 and 5 illustrate very clearly the relation between char-
acteristic form and internal water pressure.

November 20.— Twenty seven days after section (Fig. 6).

Terminal marginal tentacles on uncut side 8—9 mm.; on cut side
barcly visible 0.25 mm.: lateral marginal tentacles 8—g mm.
Terminal labial tentacles on uncut side 2 mm., on cut side ab-
sent : lateral labial tentacles 2 mm. The portion above the
lateral cut is much shrivelled while all other parts are fully dis-
tended and in good condition. The lateral and terminal discs
are now at almost the same level (Fig. 6), the part which origin-
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ally formed one side of the terminal disc being now represented
only by the narrow shrivelled strip separating the two discs.
About thirty days after section the shrivelled portion separating
the two discs was ruptured by the increase in diameter of the
discs. Each portion of it remained attached to the disc on its
own side but gradually underwent atrophy. Reference to Fig.
6 renders it evident that this shrivelled strip was all that separ-
ated the two mouths : with its rupture the two mouths became
one. The two discs, or two parts of the disc continued to ap-
proach the same level, the constriction marking the region where
the shrivelled strip stretched across (Fig. 3) gradually disap-
peared and on December 12, forty-nine days after section the

specimen was normal in appearance, with marginal tentacles about
12 mm. in length and labial tentacles about 3 mm.

The history of other specimens of the same sort corresponds
closely with that of the piece just described. It is possible of
course to modify the results in various ways: for example the
lateral cut may be made more or less deep and thus cause the
isolation of a greater or less number of intermesenterial chambers
above it and consequently the retardation in regeneration and the
later reduction of a larger or smaller number of tentacles. It is
possible to make the cut so deep that only three or four tentacles
remain distended on the terminal disc all the rest appearing on
the lateral disc. On the other hand, if the cut involves only a
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small portion of the wsophageal circumference, only a few ten-
tacles are retarded and correspondingly only a few appear on the
lateral disc. If the cut is not deep enough to reach the cesopha-
gus, but involves only the body-wall, the cut surfaces of the
body-wall unite within a few days and regeneration of the termi-
nal disc proceeds in the typical manner.

Turning now to the consideration of specimens with fully
developed normal tentacles, the effect of a lateral cut in the
sophageal region is not difficult to understand if we recall the
reduction and atrophy of tentacles in consequence of reduced
internal pressure which was discussed in the preceding paper
(Child, ’o4¢), and if we bear in mind also the method of closure
in series 42. For comparison with series 42 the history of a
piece of this kind is given briefly.

Serizes 10.

September 12, 19o2.— A specimen with marginal tentacles
about 25 mm. and labial tentacles about 8—9 mm. in length was
used. A lateral transverse cut extending about half way through
the body was made in the cesophageal region as in Series 42
(Fig. 1) but in the present case the original disc and tentacles
were not removed as in Series 42.

September 19. — Seven days after section. Closure has occur-
red as shown in Fig. 7 and the specimen is distended. The ten-
tacles on the uncut side retain their original length ; marginal 25
mm., labial § mm. ; those on the cut side are reduced — mar-
ginals 15-18 mm., labials 6 mm. The portion above the lateral
cut in which, as in Series 42, the intermesenterial chambers are
completely shut off from the exterior and from the main enteric
cavity, is less distended than the other portions as indicated in
Fig. 7. In this figure only the bases of the old tentacles are
shown but the smaller size of those on the right is indicated.

The cut surfaces of sophagus and body-wall on the lower
(aboral) side of the cut have united as in Series 42 and now the
regenerating marginal tentacles are about 2z mm. in length on
this supplementary disc (Fig. 7).

October 3. — Twenty-one days after section (Iig. 8). The
tentacles on the uncut side still retain nearly their original length
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— marginal 20-22 mm,, labial 7-8 mm. The tentacles oral to
the lateral cut are now greatly reduced — marginal 3—4 mm.,
labial 1~2 mm. —and the tips are shrivelled ; the whole region
above the lateral cut is greatly shrunken and wrinkled, containing
almost no water (Iig. 8).

Aboral to the cut the supplementary tentacles have regenerated
in the typical manner — marginals 10 mm., labials 3—j mm,
The new supplementary disc on the right, and the left half of the
old disc now lie at nearly the same level.

A few days later the shrivelled strip bearing the reduced ten-
tacles was ruptured and a part dropped off. The remaining por-
tions underwent complete resorption within a few days, and a disc
of typical form resulted. One half of this disc represented what
remained of the old disc and its tentacles were the tentacles of

FiG. 7. FiG. 8.

the original specimen ; the other half was the regenerated sup-
plementary disc. The tentacles on the old portion were still
considerably longer than on the regenerated portion, but a
gradual equalization in length occurred as might be expected
since conditions of internal pressure are similar about the whole
circumference.

The history of other similar specimens is similar in all essential
respects to that described, though the number of tentacles which
undergo atrophy vary according to the size of the lateral cut. It
is possible to modify these experiments in many ways but in
every case that part which has no communication with the main
enteric cavity or the exterior and so does not remain distended
undergoes atrophy, while those regions in which internal pres-
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sure persists either retain their form and size or regenerate as
the case may be.

The atrophy of the tentacles above the cut in series 10 is very
clearly due to the same factor which caused retardation in
regeneration and later reduction and atrophy of the tentacles
over the cut in series 42. In both cases the conditions in the
strip above the lateral cut are exactly similar to those which exist
in esophageal picces (Child, 'o4d). Comparison of the history
of these strips with that of the cesophageal pieces will show that
both are affected in exactly the same way. Some degree of
internal pressure may be established by osmosis or secretion after
closure, but this gradually diminishes, the tentacles atrophy, and
the whole piece shrivels and finally breaks up.

The relative change in level of the two partial discs, which
results in the production of a disc of typical fornmr and in typical
position with respect to the body axes, is a features of special
interest. [t is impossible to determine from the appearance after
regulation is completed whether the lateral supplementary disc
moves orally to the level of the old disc, or vice wersa, or finally
whether both change their level, the old partial disc moving
aborally and the new orally until they attain approximately the
same level.

There is always in a regenerating end a certain amount of
growth in the oral direction due undoubtedly to internal pres-
sure. The supplementary partial disc changes its level in the
oral direction in consequence of growth. This change brings it
nearer to the level of the old disc, which of course has not been
altered since its tissues are fully differentiated and not in a con-
dition for rapid growth. Probably this oral movement of the
regenerating disc is sufficient, when it is situated in the cesopha-
geal region, to bring it approximately to the same level as the
old disc. If differences in level remain after the regenerative
growth is completed, I think it is probable that further regulation
may occur in the manner discussed in connection with oblique
pieces (Child, '04d), viz., through the attempt of the animal to
orient disc and body-axis in a definite manner. In the pieces
with supplementary partial discs in the cesophageal region the
difference of level between the supplementary disc and the old
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disc is greater during the contracted condition than during dis-
tension, as in pieces with oblique discs. This fact indicates that
the muscles of the body-wall below the supplementary disc are
more completely relaxed during distension and orientation than
those of the opposite side (Child, 'o4d). The tissues gradually
adapt themselves to the altered conditions and the final result is
the form in which orientation in the typical manner is possible,
Z. ¢., the typical or normal form.

Supplenicntary Partial Discs Aboral to the (Esophagus.

Loeb ("g1) found it possible to produce the partial discs at any
level of the body except the extreme aboral region, but stated
that the tendency to closure of the cut without the formation of
a new disc is greater in the middle region than near the oral end.
Moreover, he found that the partial discs produced in the middle
region were without mouth-openings.

My results agree with Loeb’s in regard to these points, but,
since he did not turn his attention to the internal anatomy nor
investigate the nature of the distension, the reasons for these dif-
ferences did not become apparent to him. Apparently he was
not even aware that in making the lateral cut near the oral end
he was cutting into the cesophagus, while farther aborally only
the general enteric cavity was opened. I desire, therefore, to
point out certain very definite reasons why the results should
differ according to the position of the lateral cut in the cesopha-
geal region or aboral to it.

There are several points to be considered, but the question as
to the effect of the lateral cut on the tentacles directly oral to it
naturally takes precedence as one of the immediate consequences
of the cut.

According to Loeb, a lateral cut in the middle or aboral region
of the body does not cause any permanent difference between the |
tentacles directly oral to it and the others; here also my results
agree with his. His Figs. 2 and 3 show cases of this kind in
which the tentacles at the oral end are equal in length about the
whole circumference. .

If the collapse and reduction of tentacles be due to loss of in-
tracellular turgor in consequence of the cut there is no reason
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apparent for the permanent reduction of the tentacles after a cut
near the oral end and the absence of any such effect after a cut
near the middle. The difference in the distance between cut and
tentacles in the two cases is certainly not sufficient to justify the
conclusion that in the one case a shock or stimulus of some sort
reaches the tentacles while in the other case it does not, nor can
it serve as a basis for explanation if the change be regarded as
simply osmotic in nature, not as a reaction to a stimulus.

If, however, we consider the difference in the relations of parts
in the two regions of the body and the effect upon the internal
pressure all difficulty disappears. If the lateral cut be made at
any of the levels indicated in Fig. ¢ it will simply enter the in-
termesenterial divisions of the enteron which open axially into
the central cavity everywhere aboral to the wsophagus, since the
axial margins of the mesenteries hang free in the cavity. There
is nothing with which either margin of the cut can unite except
the other margin. When cuts at these levels close they can
close only by means of union of the cut edges. It follows that
the samie relations between the part oral to the cut and the other

regions of the body are not altered by the cut.

The immediate consequence of such a cut is loss of water from
the enteron and complete collapse of body and all tentacles. In-
rolling of the body-wall adjoining the cut soon begins and ap-
proximation of the inrolled portions is brought about by the
elasticity of the other parts of the body-wall — especially that of
the opposite side of the body (Child, o044, Figs. 8 and g). Oc-
casionally when the cut is not far below the aboral end of the
cesophagus, the contraction of the body-wall and of the thick-
ened mesenterial margins and filaments in consequence of the cut
almost or quite closes the intermesenterial chambers between the
cut and the aboral end of the cesophagus. It follows that when

water again enters the enteron through the cesophagus other re-
- gions will become distended, but these will not and consequently
the corresponding tentacles will remain collapsed. At this stage
the internal pressure is always much lower than that in normal
animals since increase of the pressure beyond a certain point
causes the approximated margins of the cut to separate and the
water is lost. The point to whicl T wish to call attention, how-
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ever, is this: when the lateral cut is only slightly aboral to the
esophagus the intermesenterial chambers oral to the cut may be
closed temporarily and so the tentacles corresponding to them
may remain less distended than the others as long as this condi-
tion continues. This difference is due simply to mechanical
plugging of the openings of the intermesenterial chambers at the
aboral end of the wsophagus and the consequent exclusion ot
water. As soon as the cut is actually closed by new tissue the
increasing distension causes stretching of the body-wall and mes-
enteries and the closure of the chambers can persist no longer.
The tentacles in this region now become as fully distended as the
others and since the period of their collapse is usually short in
such cases, are soon equal in length to the others. If the inter-
mesenterial chambers remain contracted and plugged during a
long time considerable reduction of the corresponding tentacles
may occur. Cases of this kind have occurred frequently among
my specimens and it was always evident that the contracted con-
dition of parts about the cut and especially oral to it was respon-
sible for the absence of distension in tentacles oral to this region.
If the collapse were osmotic in nature, as I.ocb believes, there is
no reason apparent why it should be permanent when the cut is
in the wsophageal region and only temporary when the cut is a
few millimeters lower.

Loeb found that lateral cuts in the middle and aboral regions
showed a much greater tendency to close by union of their mar-
gins than those near the oral end. He does not attempt to ac-
count for this difference in any way, but the reason is evident at
once when the part played by the cesophagus is understood. In
the cesophageal region the cut margins of cesophagus and body-
wall almost always come into contact in consequence of the in-
rolling (I'ig. 2). The distension following union of the parts
prevents the two cut surfaces of the body-wall from coming into
contact with each other and, therefore, they never unite and an
opening remains which is in reality a new mouth. If they hap-
pen to come into contact with each other instead of with aesoph-
ageal cut edges they unite but the usual result is determined
by the fact that conditions are much more favorable for the union
of body-wall and wsophagus than for body-wall and body-wall.
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On the other hand, if the cut is below the cesophagus the only
possible union is body-wall and body-wall (Fig. 10). If the ani-
mal is left undisturbed the cut will close in the typical manner,
and as soon as distension occurs the relations of parts are once
more normal in all essential respects (Fig. 11). Both Loeb and
myself agree that under these circumstances a formation of a sup-
plementary disc is not possible.

It now remains to consider how conditions are altered if the
animal is inserted into a mesh of the netting (see above, p. 93),

b,
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used by Loeb to cause the appearance of the supplementary
disc. In Figs. 12, 13 and 14 the result of using the netting is
shown. As long as the body is collapsed the netting has little
effect (Fig. 12). Indeed, in my experience collapsed specimens
react much less readily than others, and orientation in the
netting rarely occurs until the animal is at least partly dis-
tended. It follows from this that the formation of supple-
mentary discs after use of the netting is not necessarily due to
delay in closure. As distension with water gradually occurs
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after closure the diameter of the body increases, but the wires of
the netting prevent increase in diameter in the region of the cut.
The result is indicated by Fig. 13. The thin, delicate new tissue
is chiefly affected, being stretched in the direction of the tension,
or more probably undergoing rapid growth in response to it.
Thus a deep groove is formed on one side of the body and on
the aboral side of this groove the new tentacles of the supple-
mentary disc appear (Fig. 14).

Apparently the netting has merely prevented the body-wall
from assuming the form shown in Fig. 11, or, in other words, it
has prevented the obliteration of the angle in the body-wall due
to inrolling, and has in fact made this angle less obtuse (cf. Figs.
12 and 13). If this conclusion be correct, and there is little
room for doubt, it follows that the appearance of the supple-
mentary disc is due, not to the presence of the cut, but to the
bending inward of the body-wall in such a manner as to form in
longitudinal section an angle opening aborally.  But how can the
formation of this angle determine this region for the formation of
tentacles > The only answer to this question which seems to me
at all satisfactory is the suggestion already made (Child, '042,
‘04¢, '04d) that the circulatory currents passing orally along the
body-wall in each intermesenterial chamber strike against the in-
rolled body-wall and so produce areas of increased pressure to
which the tissues react by growth and tentacles appear. The
arrows in IFigs. 11-14 indicate these currents. In no case within
my experience have tentacles been seen to arise otherwise than
on an inrolled portion of the body-wall. Ordmarily of course the
inrolled region is a cut edge, but here the cut closed before the
inrolling was brought about to any great extent.

If the formation of the angle in the body-wall instead of the
presence of a cut surface is the essential condition for tentacle for-
mation, it should be possible to bring about tentacle formation at
any level capable of growth by constricting the body just oral to
this level. I have attempted many times to carry out experi-
ments of this kind by ligaturing the body at some level. All of
these attempts have failed because the specimens parted in the
plane of the ligature after a few hours if this was tied tightly, or
crept out of it if it was at all loose. I am firmly convinced, how-



FORM—REGULATION IN CERIANTHUS. 109

ever, that the production of these supplementary discs and ten-
tacles at any level of the body capable of growth is possible
without the presence of a cut surface, and I predict that as soon
as a method is devised for retaining a sufficient local constriction
at the same level for a-few days without causing injury to the
body-wall, the production of tentacles without relation to cut sur-
faces will be possible in Cerianthus.

Like the tentacles on the lower margin of an oblique piece
(Child, "044), the tentacles below a lateral cut when once growth
has begun, continue to grow even though the animal is removed
from the netting. By this time union of body-wall and mesen-
teries in the new relations is sufficiently advanced to cause the
persistence for a time of the fold formed by the netting. In most
cases, however, the fold is gradually obliterated by the internal
pressure and the supplementary disc protrudes from the side of
the body (Fig. 15).

Loeb called attention to the fact that only those supplementary
discs which are situated near the oral end ol the body possess
mouths, the others consisting merely of a partial ring of tentacles
arising from a small surface resembling part of a disc but com-
pletely closed. Comparison of Figs. 2, 3, 4, 6, 7, 8§ with Fig:
15 will show the difference in character of the supplementary
structures at different levels. It is evident at once that the
presence of the cesophagus is responsible for the formation of the
new mouth in supplementary discs near the oral end. Aboral to
the cesophagus there is nothing with which the cut edges of the
body-wall can unite to give rise to a new mouth. If a cut passing
nearly through the body is made aboral to the cesophagus then the
inrolled cut margins aboral to the cut unite with the cut ends of
mesenteries over a large part of the circumference and are held in
the inrolled position long enough for the formation of a new
mouth. As a matter of fact, however, in such cases the part of
the body oral to the cut, being united with the aboral portion
only by a slender strip of the body-wall; separates after a few days
and the regenerating disc is no longer supplementary but terminal
on the aboral piece and regenerates in the typical manner. Owing
to this separation I have not yet succeeded in bringing about the
production of supplementary discs with mouths in the region
aboral to the wsophageal region.
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As regards the relation between rapidity and amount of growth
and the level at which these supplementary discs are situated, niy
own observations agree with those of I.oeb. He found that the
rapidity and amount of growth decreased with increasing distance
from the oral end and that the extreme aboral region was incapa-
ble of producing supplementary discs. These results also agree
with the observations described in my second paper (Child, '034)
concerning the effect of position upon rapidity and amount of
regeneration.

Genceral Considerations.

The formation of supplementary discs constitutes another
chapter of evidence on the role of internal water-pressure in regu-
lative processes in Cerzant/urs. 1t is scarcely necessary, 1 think,
to devote further space to the consideration of Loeb’s view that
tentacle-reduction is due to loss of intracellular turgor. It cer-
tainly does not account for the observed facts to which Loeb
attempts to apply it. A knowledge of the structure of the animal
would have made such conclusions impossible.

These experiments show most clearly that continuous or nearly
continuous tension due to internal pressure is absolutely essential
for the persistence of form and structure in Cerzanthus. In its
absence atrophy always occurs.

Doubtless various changes in the intracellular turgor occur
during reduction and atrophy but these must be regarded a
result rather than a cause, for so long as the tissue is subjected
to the tension caused by internal water-pressure these changes
in turgor do not occur.

The fact that the changes in Ceriant/ins which Loeb regarded
as change in turgor are not such does not of course detract in
any way from the value of the osmotic hypothesis in general.
It is important, however, that the effects of distension of internal
cavities with water or other fluids should be distinguished from
the effects of intracellular phenomena. The case in hand is simply
an incorrect application of the osmotic hypothesis.

On page 57 Loeb ("g1) makes the following statement regard-
ing the supplementary disc formed in the middle region of the
body : “ Diese neugebildete Kopf, b. Fig. 2, scheint ganz auf
dem Ektoderm zu sitzen.” It would not have required an ex-
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tended examination to show the incorrectness of this conclusion.
These lateral discs are no more wholly ectodermal than the
terminal discs of normal animals (see the figures of this paper).

HEeTEROMORPHIC TENTACLES.
Experiments.

In two cases among the hundreds of pieces examined the
appearance of tentacles on the aboral end of a piece has been
observed. Both cases occurred in a single series and were
apparently due to closure of the pieces in a peculiar manner.
Although numerous attempts to obtain additional cases were
made, none were successful, the pieces failing to close in the
proper manner. I have little doubt that whenever closure takes
place in a certain manner to be described heteromorphic tentacles
will be formed.

The pieces which afforded this peculiar result belonged to a
series intended for the study of the possible methods of closure.
The pieces were prepared as follows. A piece was cut oral to
the middle of a specimen by two transverse cuts as indicated in
Fig. 16. The oral end of the piece was in all cases just below
the disc in the aesophageal region, the aboral end a considerable
distance aboral to the aboral end of the cesophagus. The cylin-
drical piece thus obtained was divided longitudinally into halves
as indicated by the small diagram to the right of Fig. 16. Each
piece then represented half of the circumference of the body and
cesophagus.  The body-wall of the piece was bounded on all
sides by cut surfaces, two transverse at the ends and two longi-
tudinal at the sides. The portion of the cesophagus in the piece
was bounded orally and laterally by cut surfaces, but aborally it
terminated in the normal manner.

Pieces of this kind close in various ways. Some roll up
longitudinally and form almost perfectly typical animals, others
roll in part longitudinally and in part transversely and the cut
surfaces of cesophagus and body-wall unite according to chance,
Z. ¢., union of the adjacent cut surfaces occurs, whatever these
may be. Many bizarre forms are produced, but they afford
nothing new in principle. One important fact is shown by
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many pieces including the two which possess special interest at
present, viz., that the aboral end of the cesophagus, although
not a cut surface is capable of union with a cut surface. It is of
interest in this connection to note that nowhere else in the body
does the body-wall terminate in a free margin.  This free margin
behaves like a cut surface and may like any cut surface give rise to
new tissue after union with another cut surface (see Child, ’o04a).

In cases where these pieces succeed in rolling up longitud-
inally so that the longitudinal cut surfaces of body-wall and
those of the cesophagus unite, a more or less typical mouth and
cesophagus result from the union and regeneration may proceed
in an almost typical manner. Usually, however, the cesophagus
unites with the body-wall as in cesophageal pieces (Child, 'o4d),
either on all sides or partially. Aboral union between cesoph-
agus and body-wall is made possible by the bending orally of the
aboral part of the body-wall so that aboral end of the cesophagus
and aboral cut surface of the body-wall unite. In all cases
where union between cesophagus and body-wall occurs elsewhere
than at the oral end a closed piece without a mouth is the result
and a mouth cannot regenerate. Since there is no communi-
cation between enteron and exterior in such pieces it might be
expected that they would behave as regards tentacle-regenera-
tion like the wesophageal pieces (Child, 'o4d) 7. ¢., that they
would become slightly distended at first and regenerate small
tentacle-buds but would afterwards collapse and the tentacles
would be reduced. As a matter of fact, however, these pieces
though never approaching pieces which possess mouths often
show a far greater power of tentacle-regeneration than cesoph-
ageal pieces. They frequently regenerate tentacles 5—6 mm. in
length, 7. ¢, twice as long as those of the best aesophageal
pieces. They may remain distended for a month or more but
sooner or later collapse occurs and the tentacles undergo reduc-
tion. Since these pieces are completely closed like the cesoph-
ageal pieces they can become distended only as fluid passes
through the body-wall ('04). The important point is that the
distended condition continues for a much longer time than in
cesophageal pieces. The reason for this difference is probably
to be found in the fact that pieces cut as in Fig. 16 contain not
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only the entoderm of the wsophageal region but the great mass
of mesenterial differentiations aboral to the cesophagus, 2. ¢., the
chief digestive region of the entoderm. There is little doubt
that processes of secretion are much more active and persistent
in this region than in the esophageal entoderm, and consequently
the quantity of fluid reaching the enteron cither in connection
with the secretory process or by osmosis through the body-wall
in consequence of the presence of soluble substances secreted
into the enteron is greater than in cesophageal pieces and disten-
sion continues for a longer time. Whatever the exact explana-
tion may be the fact is patent in all cases. As will appear below,
it is perhaps of considerable importance in connection with the
appearance of heteromorphosis.

The picces of this series were prepared September 26, 19o2.
All pieces were observed at intervals after the operation and
among the methods of closure were found those represented
diagrammatically in longitudinal section in Figs. 19 and 26. The
body-wall and the wsophagus are indicated as in previous fig-
ures. In Fig. 26 the aboral end of the body-wall has bent over
orally much farther than in Fig. rg. In both cases, however,
the margin of the body-wall has united on all sides with that of
the cesophagus, thus forming a closed piece composed partly of
wsophagus and partly of body-wall. The enteric cavity of this
piece is of course the enteric cavity of the lateral half of the body
in the region from which it was taken. In Figs. 19 and 26 the
external surface of the cesophageal portion on the right of the
figure is ectodermal, but in the normal animal formed the axial
surface of the wesophagus.  The only essential difference between
such pieces and sophageal pieces (Child, 'o4d) consists in the
greater length of the body-wall in the former.

Tentacle-regeneration at the oral ends of the pieces occurred
in the typical manner (Figs. 20 and 27), each producing about
half the number of tentacles possessed by the parent specimen, a
result to be expected from the number of intermesenterial cham-
bers contained in each piece.

About two months later (November 20) two of the pieces
showed tentacles beginning to develop on the aboral ends. One
of these pieces is shown in Fig. 17. The tentacles on the oral
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end had already attained their maximum development and were
undergoing reduction, and in the case of the marginal tentacles,
atrophy. On the aboral end of the piece four tentacle-buds ap-
pear. These scem to arise either from the cesophageal tissue or
from the line of union between the aboral end of the cesophagus
and the body-wall. The relations of parts is illustrated by the

Fic.

Fic. 25. Fie. 26.

diagrammatic longitudinal sections, Figs. 19-22. Figs. 19-21
show the closure and the course of regeneration during the first
two months., Fig. 22 represents a section of the stage shown in
Fig. 19, and here the relation of the aboral tentacles and cesoph-
agus and body-wall is seen. During the following months
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the number of aboral tentacles increased (Fig. 18, December 28)
though the piece as a whole was undergoing reduction in size.
Fig. 23 represents the section at this stage.

The other piece in which aboral tentacles developed is shown
in Fig. 24 as it appeared two months after the operation (Novem-
ber 20). The method of closure in this piece differs somewhat
from that occurring in the first : Figs. 26-28 illustrate this point.
It will be seen that the aboral end of the body-wall bent orally
much further than in the first piece (cf. Figs. 19 and 26), but
also united with the aboral end of the cesophagus. Itis probable
that the piece was longer than the preceding. The difference in
method of closure is readily accounted for by such difference in
length. At the stage shown in Fig. 24 the aboral tentacles were
beginning to develop. Fig. 28 is a diagrammatic section of this
stage. Figure 25 represents a side view of the piece a month
later (December 28).  As the figure shows, the large tentacle in
the middle arose just over the region where the body-wall folded
longitudinally upon itself. (The shading of the body-wall repre-
sents the longitudinal striping.) All tentacles to the left of this
large tentacle are upon the oral end of the piece, and all to the
right are aboral.  Six aboral tentacles appeared on this piece in
addition to the single tentacle which can scarcely be regarded as
either oral or aboral. In this case, as in the preceding, the aboral
tentacles arose either from the wsophagus or from the line of
union between it and the body-wall (Fig. 28).

Figs. 19—23 and 26-28 show that reduction of the body-wall
is more rapid than reduction of the cesophageal region. This
difference is probably correlated with functional differences in
the tissues. Normally the body-wall is subjected to greater ten-
sion than the wsophagus, for the two sides of the latter are sim-
ply appressed during distension of the body. This being the
case, it follows that conditions of tension depart less widely from
the norm for the cesophagus than for the body-wall in these
pieces, hence the more rapid change in the latter.

General Considerations.

These aboral outgrowths have been called tentacles for, in my
opinion no ground exists for believing that they are anything
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else. It is evident from Figs. 17 and 24 that they arise in con-
nection with intermesenterial chambers, for the lines extending
aborally from the bases of the oral tentacles represent grooves
marking the lines of attachment of the mesenteries to the cesoph-
agus. Moreover, Fig. 2.4 shows that the aboral tentacles arise
from those intermesenterial chambers which are least contracted
for the only intermesenterial chambers which are at all distended
at the aboral end are those from which the aboral outgrowths
arise. In these respects these structures resemble the normal
tentacles, and these facts lend color to the view that the condi-
tions of origin of these aboral tentacles are similar to those of the
normal tentacles.

In Figs. 19-23 and 26-28 the course of the intermesenterial
circulatory currents is represented by arrows. These pass orally
along the body-wall and aborally along the cesophagus. In
both picces the aboral end of the cesophagus bulges outward
just oral to the line of union with the body-wall.

From Figs. 20 and 27 it is seen that this condition presents an
obstruction in the course of the current in the aboral direction
along the csophagus, 7. ¢., local pressure upon the wall may
occur. Except that they are reversed in position conditions here
do not differ essentially from those described above leading to
the formation of supplementary discs in the middle region (see
Figs. 12-14). In brief, the suggestions regarding local pressure
due to circulatory currents are as readily applicable to these
cases as to the normal oral tentacles. Moreover, there is no
adequate explanation on any other basis for the fact that these
aboral tentacles arise from esophageal tissue, or from the line of
union between wesophagus and body-wall, rather than from the
body-wall, like tentacles at the oral end. In my opinion the
occurrence of these heteromorphic tentacles constitutes another
important piece of evidence in support of the views already set
forth (Child, 046, '04c). The case of the single large tentacle
which arose from the new tissue at the union of csophagus and
the folded body-wall (Fig. 25) is peculiar. The size of the ten-
tacle is probably due to the greater distance between mesenteries,
itself the result of stretching or growth of the new tissue at this
point. The impossibility of ascertaining the exact internal con-
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dition in this case is evident. Opening of the piece must of
course lead to extensive contraction, and fixation of these forms
likewise causes extreme distortion as regards details, even after
anesthesia. In external examination of the piece it could be
seen, however, that a wide space between mesenteries existed
here in the new tissue and from this region the large tentacle
arose. \What the course of the circulatory currents may have
been it is also impossible to say. The parts which fused about
this region were a part of the aboral end and a part of the longi-
tudinal cut surface of the asophagus, a part of the aboral end,
the longitudinal cut surface and a part of the oral end of the
body-wall. It is not impossible that both orally directed cur-
rents along the body-wall and aborally directed currents along
the cesophagus may have been concerned. Moreover, regulative
changes may have occurred in the distribution and direction of
movement of the cilia. Thus, except for the great space between
mesenteries, there is no definite evidence regarding the special
factors concerned in the origin of this peculiar tentacle. Never-
theless, I think the conclusion is justifiable that the conditions of
origin are not different in this case from those in cases already
discussed. It is certain at any rate that some degree of disten-
sion is necessary for the formation of these aboral tentacles.

One important difference between the aboral tentacles and oral
tentacles appears in both pieces, viz., the difference in time of
appearance. In both cases the marginal tentacles at the oral
end appeared within a few days after section, and the labial ten-
tacles somewhat later, but the tentacles on the aboral end appeared
only after about two months when the internal pressure was de-
creasing and the pieces were becoming reduced in size. This
difference in the time of appearance directs attention to an impor-
tant problem, viz., that of polarity so-called. Is the later ap-
pearance of the tentacles at the aboral end to be accounted for
by a difference in physiological condition between the two ends
such that under stimuli the oral end gives rise to tentacles in a
much shorter time than the aboral end or is it possible that in
consequence of the chance relations between mesenteries esopha-
gus and body-wall in the two cases cited the stimulus became
effective only at a much later stage than at the oral end?
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The data afforded by the two pieces do not permit a decision
between these alternatives. It is probable that extensive modifi-
cations of the greatly thickened and differentiated mesenterial
margins aboral to the esophagus occurred before relations be-
tween the intermesenterial chambers and the aboral end of the
piece approached those at the oral end. If this is the reason for
the late appearance of the aboral tentacles it is unnecessary to
assume that the tissues of the aboral end are less capable of
forming tentacles under proper conditions than those of the oral
end or in other words the difference in the time of appearance of
oral and aboral tentacles does not indicate the existence of a
physiological polarity except so far as the structure at the aboral
end was originally different from that at the oral end.

On the other hand it may be that the aboral ends of such
pieces are inherently less susceptible to tentacle-forming stimuli
and that, therefore, action of the stimuli during a much longer
time than at the oral end is necessary. If it shall be possible in
the future to obtain sufficient material of this kind for a thorough
histological examination of the alterations in the mesenteries at
the aboral ends of pieces we shall be better able, perhaps, to de-
cide the question.

The cesophageal pieces described in a previous paper (Child,
'04d) present conditions somewhat similar to those in the two
pieces with heteromorphic tentacles, in that the cesophagus unites
orally and aborally with the body-wall forming a series of closed
intermesenterial chambers within which the circulatory currents
pass orally on the body-wall and aborally on the eesophagus. If
these currents are factors in tentacle-formation and if they are
equal in force in both directions it would seem that tentacles
must appear on both oral and aboral ends of such pieces at the
same time. Yet in no case has such a result been attained.
The ccsophageal picces regenerate short tentacles on the oral
end, but the internal pressure soon disappears and regeneration
is replaced by reduction. In the two pieces described in the
present section the internal pressure continues for a much longer
time than in the wsophageal pieces. It appears from this that
cesophageal pieces might produce aboral tentacles if the internal
pressure continued for a sufficiently long time. But even if this
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should prove to be the case the question as to polarity or struc-
tural conditions as the cause of the difference of time in the ap-
pearance of tentacles at the two ends would remain to be de-
cided. In the cesophageal pieces, however, the structure and
relations of mesenteries at the two ends are essentially the same,
no more modification being necessary at one end than at the
other to produce typical structural conditions for tentacle-forma-
tion. Since this is the case the absence of tentacles on the aboral
ends of cesophageal pieces seems at present to indicate that the
difference between the two ends as regards tentacle-formation
consists in something else than gross structural relations of parts,
Z. e., that some kind of polarity exists.

The nature of organic polarity is at present exceedingly ob-
scure, but it is well known that the polarity of pieces as regards
regeneration is dependent upon the previous relations of the
pieces as parts of a whole. In pieces of the lower forms, such as
Hydra, other hydroids, /Yanaria, etc., the polarity may not be
manifest in any distinct structural differentiation at the two ends,
but merely in their functional condition. The piece, retaining
more or less completely the functional capacities of the whole
from which it was taken, uses, or attempts to use, its parts in a
similar manner, 7. ¢., the piece, in continuing its functional life,
attempts in some degree to use its aboral or posterior end as the
aboral or posterior end of the whole is used, and the same is true
of its anterior end. The functional stimuli affecting these parts
are similar to, though perhaps less powerful than those in the
whole. It is probable that the regeneration of the characteristic
structures at the two ends is closely correlated with these stimuli.
When we can alter the conditions so that the aboral or posterior
end is affected by external stimuli which typically affect the oral
or anterior end while the ‘“internal polarity ” remains the same,
the result depends upon the relative value of external and internal
conditions as formative factors. Frequently in such cases the
regeneration is delayed; apparently because of the ‘ confusion
of stimuli, 7. ¢., the original stimuli and those resulting from the
atypical orientation. Finally one or the other dominates and the

’

“polarity ”’ either remains as it was originally, or is reversed.

In more highly organized forms, where internal factors are much
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more affective than external, reversal of polarity is rarely or never
possible.

I think it probable that there is a difference in functional con-
dition between the two ends of the pieces of Ceriant/ius, in con-
sequence of which the one end is functionally oral and the other
aboral. But if the aboral end be subjected to conditions which
typically affect only the oral end, and if these conditions continue
for a sufficiently long time, the response takes place and struc-
tures typically oral in character appear on the aboral end.
Whether the inherent polarity or the altered external conditions
will dominate in"any particular case can be determined only by
experiment.
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SUMMARY.

1. Supplementary partial discs with a number of tentacles cor-
responding to that portion of the whole circumference which
they represent can be produced from lateral transverse cuts in the
body-wall of Cerianthus.

2. If the lateral cut is in the cesophageal region and is deep
enough to involve the csophagus the supplementary disc pos-
sesses a mouth because the cut surfaces of the body-wall unite
with the cut surfaces of the cesophagus, thus forming a second
opening into the cesophagus.  If the cut is below the cesophageal
region the supplementary disc possesses no mouth. In the
extreme aboral region of the body the formation of supplementary
discs does not occur.

3. When the lateral cut is made in the cesophageal region the
permanent collapse and atrophy of the tentacles and region
directly above the cut occurs, or if these have been removed their
regeneration is retarded and atrophy occurs after a time. This
collapse and atrophy is due, not to loss of intracellular turgor
but to decrease in the internal water-pressure since the enteric
cavity of the region above the cut is completely shut off from the
general enteric cavity and from the exterior.

4. In two cases the formation of tentacles on the aboral end
of a piece of certain form was observed. In both of these cases
the conditions of internal pressure were apparently similar to
those which exist at the oral end, but the less rapid regeneration
of the aboral tentacles indicates either a difference in structural
relations at the two ends or a difference in *‘ polarity.”

HuLl ZoOLoGICAL LABORATORY,

UNIVERSITY OF CHICAGO,
December, 1903.
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